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A b s t r a c t  
Haruan extract has a big potential as an active pharmaceutical ingredient for various medical 
conditions. However, instability of the liquid extract at room temperature has been a hindrance in the 
formulation stage of the preparation. Thus, dried Haruan extract has been produced using freeze 
drying and spray drying methods. In the spray drying method, a prototype of a spray dryer equipped 
with an ultrasonic atomizer was used with a different ultrasonic frequency. The spray dried extract 
showed better physical properties when compared to the freeze dried extract; with smaller size and 
narrower particle size distribution in the higher ultrasonic frequency. Voluminous flakes of the dried 
extract were produced in the freeze drying method while spray drying method produced almost 
spherical shape of particles. No structural changes in the secondary protein structure were seen 
regardless of the method.   
Keywords: Haruan; Channa striatus; freeze dry; ultrasonic atomizer spray dryer 
Introduction 
Haruan extract is a water extract of a medicinal fish which is also 
known as Channa striatus or snakehead. The extract has been 
proven to be rich in proteins [1, 2], amino acids and fatty acids [3, 
4, 5] which were essential in wound healing process [6, 7]. The 
extract also possess an antinociceptive activity [8, 9, 10] and was 
used in treating osteoarthritis [11]. In consistent with its medicinal 
values, Haruan extract has been formulated into several 
preparations including aerosol [12, 13] and cream [14, 15]. 
Unfortunately, it was found out from our preliminary study that the 
liquid extract of the fish alone must be stored in -20ĈC and the 
storage of the extract in room temperature and 4ĈC had caused 
changes in the physical appearance and smell within 24 h and 2 
days, respectively, indicating degradation of the contents. 
Therefore, drying of the extract is an attractive solution to improve 
the stability of the extract at room temperature and further ease the 
handling and storage of the material during the formulation 
process.  
This study focused on two common methods of drying namely 
freeze drying and spray drying. Freeze drying or lyophilization 
involves sublimation process of frozen solvent (water) in the 
preparation under reduced pressure. This method is suitable for 
heat sensitive and perishable materials as it used low processing 
temperature [16]. In contrast to freeze drying, spray drying uses hot 
air to dry the sprayed droplets produced by an atomizer [17, 18]. 
An atomizer plays an important role of breaking the bulk solution or 
suspension into small droplets to create a high surface to mass 
ratio. It will determine the shape, size and density of the particles 
and create a high surface area to aid evaporation [16]. An 
ultrasonic atomizer uses an ultrasonic energy and vibration from a  
sonic resonance cup in front of the nozzle. It has more advantage 
compared to other types of atomizers as it is able to generate a 
more uniform droplet [18] leading to smaller particle size [19]. 
In this study, a prototype of a spray dryer equipped with an 
ultrasonic atomizer with different frequencies was used to dry the 
Haruan extract and this method was compared to freeze drying 
method. 
Materials and Methodology 
Materials 
Water extract of Channa striatus was obtained from Major Interest 
(M) Sdn. Bhd. (Malaysia).  
Freeze Drying Method 
Liquid Haruan extract was freezed at -20 ĈC prior to freeze drying 
process. The sample was dried using Vacuum Freeze Dryer 
(Labconco, USA) and the dried Haruan extract was kept in 
desiccator until further analysis. 
Spray Drying Method 
Spray drying process was carried out in the spray dryer machine, 
manufactured by Yakin Gigih Sdn. Bhd. (Malaysia). Two different 
ultrasonic frequencies were utilized for the atomizer which was 40 
and 120 kHz. The dryer was operated at an inlet temperature of 
100 μ 5ĈC and outlet temperature of 65 μ 5ĈC at a flow rate of 100 
ml/hour.  
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Attenuated Total Reflection Fourier Transform Infrared 
Spectroscopy (ATR-FTIR) 
Prior to the sample analysis, a background scan was run for 32 
times. After that, sample was put on the smart orbit nex Diamond 
Crystal plate 470-217600 (FTIR Nicolet 6700). The sample 
analysis scan was also run for 32 times at wavenumbers of 4000 ă 
400 cm-1 and the percentage of reflectance was shown in the IR 
spectrum [20].   
Determination of Angle of Repose 
Flowability of the dried Haruan extract was studied by determining 
the angle of repose. The experiment was carried out using 2.5 cm 
rubber bung with a suitable aluminium cylinder. The powder was 
poured into the cylinder which was fitted with the rubber bung until 
nearly full. The cylinder was carefully removed from the rubber 
bung and the formed hypotenuse was measured. The angle of 
repose was calculated using the equation: Cos θ = radius/ 
hypotenuse.   
Particle Size Evaluation 
The particle size of dried Haruan extract was determined by using 
laser diffraction, Mastersizer S V2.19 (Malvern Instruments Ltd., 
UK) fitted with a powder sample feeder. A beam length of 2.4 mm 
and 300 RF lens (range 0.05 ă 900 øm) were used. The sample 
was loaded into sample feeder and the obscuration was set at 
0.0%. The determination was carried out in triplicate for each 
sample. 
Scanning Electron Microscopy (SEM) 
SEM is used to examine the shape and surface morphology of the 
dried Haruan extract. A small amount of sample was placed on the 
aluminium stub prior to the coating of the surface with pure gold in 
a sputtering device for 15 minutes at 15 mA. The treated sample 
was examined under the SEM (Leo Supra 50 VP Field mission 
SEM, Carl-Ziess SMT, Oberkochen, Germany). 
Results and Discussion 
In this study, both drying method had successfully managed to dry 
the water extract and the physical properties of the dried extract is 
shown in Table 1. The percentage of dried Haruan extract from the 
liquid extract after freeze drying and spray drying process were 
4.85 μ 0.48 % and 1.17 μ 0.21 %, respectively. The lyophilized 
extract was in the form of voluminous flakes which could not be 
grounded into powder and could not be measured using the 
Mastersizer. The inflowability of the freeze dried extract was 
expected because of the shape. 
On the other hand, the spray drying process produced fine 
particles with D (v, 0.9) values of 100.45 øm for 40 kHz and 25.84 
øm for 120 kHz. The increase in ultrasonic frequency produced 
smaller particle size which was indicated by almost 4 times 
reduction in D (v, 0.9) value of 120 kHz when compared to 40 kHz. 
A decrease in the particle size for 120 kHz was the result of an 
increase in the energy (ie frequency) available for the atomization 
[18]. Higher frequency will produce smaller droplets, hence smaller 
particle size and more uniform distribution. Despite the good size, 
the powders were not flowable as measured using the angle of 
repose. This may be caused by the smaller particle size which 
possessed high cohesion force leading to aggregation. The 
cohesiveness between the particles can be overcame by 
incorporation of dispersibility enhancer (i.e. mannitol, trehalose and 
leucine) to modify the interparticle force [21, 22, 23]. 
 
Table 1: Physical properties of dried Haruan extract (Mean μ SD, n = 3) 
 
Parameters  
Spray dried extract 
Freeze dried extract 
40 kHz 120 kHz 
Particle Size 60.41 μ 4.93 øm 21.21 μ 3.39 øm 
Not measurable 
D (V, 0.1)a 12.85 μ 1.43 øm 5.48 μ 0.04 øm 
D (V, 0.5)b 33.21 μ 0.97 øm 11.47 μ 0.22 øm 
D (V, 0.9)c 100.45 μ 10.64 øm 25.84 μ 1.79 øm 
Width of distribution   2.64 μ 0.25 øm   1.77 μ 0.12 øm 
Angle of repose No flow 
a particles size where 10% samples smaller than this size 
b particles size where 50% samples smaller than this size 
c particles size where 90% samples smaller than this size 
 
The morphology of the dried extract is shown in Figure. 1. The 
freeze dried extract shows flake forms with smooth surfaces 
whereas the spray dried extract was in the form of agglomerated 
fine particles with almost spherical round shape. As can be seen 
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from the micrographs, the individual spray dried particle was 
actually smaller than the D (V, 0.9) values shown in Table 1. 
However, the agglomeration had caused an increase in the overall 
particle size. 
The irregular surface in the form of dimpled or wrinkled particles of 
the spray dried extract (Figure. 2) was the result of low density of 
the particles. This condition can be explained by using the Peclet 
number, Pe, (Eq. 1) which is the ratio of evaporation rate, κ, to 
diffusion coefficient of the solutes, D [24]. 
                                                            
                                                 
Equation 1 
 
A high Pe of equal or more than 1 of the droplet will define a low 
density particle which is characterized by the quick drying of the 
droplet. This will give insufficient time for the solute to diffuse from 
the surface to the centre of the droplet. An accumulation of the 
solute at the drying front will lead to a formation of shell [25]. 
Dimpled or wrinkled particles are formed when the shell does not 
become sufficiently rigid in a quick time and caused the buckle or 
fold of the particle. Otherwise, a solid hollow spheres are formed 
[24]. 
 
 
(a) (b) 
Figure 1. Scanning electron micrographs of freeze dried (a) and spray dried (b) Haruan extract, under 150 times magnification. 
 
       κ 
Pe = ------  
        8D 
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(a)                                                                                                             (b) 
 
(c)                                                                                                                                      (d) 
Figure 2. Scanning electron micrographs of spray dried extract using 40 kHz (a) and 120 kHz (b), under 500 times magnification; 40 kHz (c) and 
120 kHz (d) under 2000 times magnification. 
 
Drying process of the extract can also subject proteins to extreme 
conditions causing alteration to the secondary structure and 
denaturation [26]. FTIR can be used to evaluate and detect 
changes in the secondary structure of the protein using the amide I 
(1600-1720 cm-1) and amide III (1220-1330 cm-1) band regions 
[27]. In this study, the FTIR spectra (Figure. 3) in both regions had 
qualitatively confirmed no structural changes of the proteins after 
both drying processes when compared to the original liquid extract. 
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Figure 3. FTIR spectra of liquid (red color), freeze dried (blue color) and spray dried (orange color) Haruan extract. 
 
Conclusion 
Freeze drying and spray drying method have been successfully 
applied to dry the liquid Haruan extract. In term of the physical 
properties, spray dried powders showed a promising result for easy 
handling of the dried extract when compared to the freeze drying 
process. Moreover, smaller sizes and narrower distribution of the 
particles can be produced by using higher ultrasonic frequency 
(120 kHz) in the spray dryer. The morphology of the spray dried 
particles also showed a mix of spherical, dimpled and wrinkled 
shapes which is the result of low density particles. In both drying 
methods, no changes in the protein secondary structures were 
confirmed by the FTIR. 
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